Introduction
Tumor cells and the host's immune system are constantly interacting in a battlefield that we are only beginning to understand. The outcome of the battle is evident in patient's survival but can also partly explain the difference in response to treatment and time to relapse and progression. 1 The view is multifactorial, taking the patients genetics, the properties of tumor cells and the composition of the tumor microenvironment into account.
In short, there are three essential phases in host and tumor cells interactions, elimination, equilibrium and escape. 2 The innate immune system, such as NK cells, can eliminate incipient malignant cells, but are silenced when tumor cells expresses the non-classical HLA class I antigens such as HLA-G and -E. 3 Cytotoxic T lymphocytes (CTL) are dependent on classical MHC class I presentation of tumor antigen (TA) for the induction of a CTL based tumor specific adaptive immune response in the equilibrium phase.
Many groups have tried to initiate immune responses by introducing TAs to specific CTLs as anti-tumor vaccines in development of new therapeutic strategies. 9 However, the results of these clinical trials have not been as rewarding as expected. This could be explained by the link between loss of classical HLA class I and tumor progression that has been demonstrated in several clinical studies. [10] [11] [12] We have studied, previously, the relationship between classical HLA class I expression, HLA genotype and prognosis in patients with ovarian carcinoma. 1, [13] [14] [15] [16] [17] We found that the correlation was only relevant in patients with advanced stage of serous carcinoma and HLA-A*02 genotype.
Our findings are well corroborated by others in several malignant diseases. 14, [18] [19] [20] In addition to the classical MHC class I, there are three genes in close proximity within the class I region on chromosome 6 encoding for the non-classical class I genes, HLA-E, -F and -G. Each is hypothesized to have its unique function in cell-to-cell interaction and immune response. 21 Upregulation of HLA-G is one of the more recently described escape mechanisms a tumor can develop. 22 HLA-G is a tolerogenic molecule, which means that when expressed it protects the cell from destruction by killers of the immune system. 23 It is characterized by a restricted expression in especially fetal cytotrophoblasts, giving the fetus immune privilege from the maternal alloimmune response, but also some other exclusive immune privileged sites such as thymus, cornea, pancreas, erythroid and endothelial precursors. [24] [25] [26] The expression of the HLA-G gene is regulated at the epigenetic, transcriptional and post-transcriptional levels 27 and HLA-G can be expressed at the cell surface, secreted, or incorporated into tumor-derived exosomes. 28, 29 Its presence has been demonstrated in various solid tumors and haematological malignancies. In most studies, the increased expression of HLA-G has been linked to a worse clinical outcome 30, 31 with exception of improved prognosis in hematological malignancies. 22 HLA-G mediates inhibition of immune cell functions both directly and indirectly. Directly by inhibiting the activity of APC, NK and CTL through binding with inhibitory receptors present on immune cells 27 leading to T cell anergy but also by inducing differentiation of CD4 C andCD8 C T cells into suppressor T cells, altering the balance of the immune system from cytotoxic to tolerogenic.
Indirectly, for example, inhibition can be mediated by trogocytosis. 32 This is a recently described mechanism where whole fragments of cell membrane including associated molecules such as HLA-G, are transferred from one cell and incorporated into another cells membrane altering the function of the recipient cell. If the recipient cell is an immune cell, it would give auto-signal to stop proliferation and cytotoxic effects. This is a very rapid and effective tumor-driven immune evasion mechanism where tumors dictate the conditions for the immune system in their immediate surroundings.
Indeed, HLA-G expression in tumors is heterogeneous and focal. It has been shown in vitro, that only 10% HLA-G-expressing tumor cells in a tumor are sufficient to protect also HLA-G negative tumor cells from CTL mediated destruction. 33 HLA-E interacts directly with receptors on NK cells and inhibits NK cell-mediated lysis. 34, 35 The role of HLA-E is unique since surface expression requires conserved nonamer peptides from the signal sequences of other MHC class I molecules including HLA-A, -B, -C and -G but not HLA-F. HLA-E is expressed in most human healthy tissues, 36 but show a weak surface expression. However, in human tumors it is often up-regulated, especially when classical MHC class I is down-regulated and free b2-m is available, a common situation in malignancies. 37 Since the HLA-E/b2-m association is weaker than classical MHC class I/b2-m, HLA-E favors from the relative competition when classical MHC class I is down regulated. 37 The effect of HLA-E on NK cells seems to be dependent on the origin of the peptide presented. 38, 39 Even very small changes in the peptide conformation will affect the recognition by the NK cell receptors and possibly change the effector cell function. 40 Leader peptides derived from HLA-G but also HLA-A2 can stabilize the surface expression of HLA-E and thus enhance the inhibition of NK cytolysis. 41 The purpose of this study is to determine whether changes in the expression of the non-classical HLA class I HLA-G and -E on tumor cells, and in the repertoire of tumor infiltrating immune cells are associated with the negative prognostic relationship of HLA-A*02 genotype of patients with serous adenocarcinoma of the ovary in stage III-IV.
Results

Patient population
All patients in this study were diagnosed with high-grade serous ovarian carcinoma in advanced surgical stages ( Table 1) . Fifty-four patients were diagnosed in stage III and 18 in stage IV. Forty-two patients carried the HLA-A*02 genotype and thus fulfilled the criteria for worst prognosis grouping. In the HLA-A*02 genotype group 35% were diagnosed in stage IV compared to only 10% in the HLA-otherwise group (p > 0.001). There was also a difference in success ratio of radical surgery between the groups with only seven percent radical surgery in HLA-A*02 patients compared to 20% (p > 0.001) in HLA-otherwise patients. It is also noteworthy that only three patients (7%) received radiotherapy and all of them were HLA-A*02 positive.
Non classical MHC class I expression in tumor tissue
Immunohistochemical expression of HLA-G HC was detected in fourteen cases in the total cohort ( Table 2) . They were equally distributed between worst and better prognosis group with seven cases in each group. Thirty-one patients in the worst prognosis group showed aberrant staining for HLA-E, scored as 1 or 3, compared to only 19 in the other group.
Association of HLA-G expression with patients' survival HLA-G expression coincided with lower probability of survival ( Fig. 1) . Cumulative survival at 5 y was 14% compared to 22% for HLA-G negative cases.
However, when we correlated HLA-G positivity to the different prognostic subgroups, the impact on survival could only be confirmed in HLA-A*02 genotype patients with zero cumulative survival at 5 y (Fig. 1A-C ).
Association of HLA-E expression with patients' survival The probability of survival was better when HLA-E staining intensity was equal to normal tissue, score 2. All aberrant expressions showed impaired survival and no difference could be seen between score 0, 1 or 3.
Again, when we stratified for prognostic subgroups, the effect on survival could only be seen in HLA-A*02 genotype patients but not in the other genotypes ( Fig. 1D-F) Correlation of HLA-G and -E expression with that of classical MHC class I in primary tumor lesions HLA-G positivity was only found in small foci, staining a fraction of the tumor cells. When scrutinizing these small areas for HLA-E and classical MHC class I HC expression we noticed that all but one case showed aberrant HLA-E expression, mainly score 3 and concordant loss of classical MHC class I expression in that specific area. (Fig. 2 ) However, prognosis was only determined by HLA-A*02 genotype. (Fig. 3) Expression of HLA-G and -E in primary tumor lesions and metastatic cells
We had access to ascites from eight patients with serous adenocarcinoma in advanced stages and obtained solid tumor tissue from ovarian site at initial debulking surgery. In most cases, we also had solid tumor tissue from distant sites, like omentum, for comparison. In seven out of the eight patients we could detect a positive HLA-G staining pattern in metastatic cells, but not in primary tumor lesions. All accessible metastatic lesions showed aberrant HLA-E expression and all but one patient had aberrant expression of HLA-E in tumor from the primary site. This same patient did not have any detectable HLA-G positive cells in metastatic cells. (Table 3) Negative  58  80  22  35  60  2  23  40  31  HLA-E  Pathologic  50  70  14  31  62  3  19  38  32  Normal  22  30  40  11  50  36  11  50  36 #All patients are dead after 2 y. 
Tumor infiltrating immune cells
The whole cohort was analyzed for infiltrating CD8 C and FOXp3
C immune cells and correlated to HLA-G and -E expression. The data was further divided for different HLA-A genotypes. Fifty percent (36) of the total cohort had tumor infiltrating CD8
C T cells and 31% (22) The influence of tumor infiltrating immune cells on survival was entirely dependent on the patients HLA-A*02 status (Fig. 4) .
Patients with HLA-A*02 genotype, positive HLA-G immunohistochemical expression and no detected immunecellshadtheworstoutcome. Patients with other HLA-genotype, negative for HLA-G and presence of immune cells, especially CD8
C , had the best outcome.
Discussion
HLA-G and E are the key modulators of immune responses. They interfere with the actions of CD8
C T cells as well as natural killer (NK) cell cytotoxicity promoting successful tumor escape.
22,42
Our previous studies have established that HLA-A*02 genotype is a strong poor prognostic factor in both high grade, serous adenocarcinoma of the ovary and malignant melanoma, however only in advanced stage disease. 13, 43, 44 We have also observed that the presence or absence of HLA-A*02 genotype is the defining factor of the poor prognostic impact of classical MHC class I downregulation. Our conclusion was that HLA-A*02 may orchestrate important aspects of immune escape and immune selection. Our aim in this study was to investigate the correlation between HLA-A*02 and other relevant prognostic features involved in immune recognition and immune tolerance, namely the role played by HLA-G and -E. Our results have definitively shown that the HLA-A*02 genotype dictates the worse prognosis correlated to HLA-G and 
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Volume 5 Issue 1 OncoImmunology -E expression. Conflicting findings on the correlation between nonclassical MHC class I expression and prognosis in other studies might have several explanations, the most important factor being that the genotype hasn't been tested. However, there are also other mechanisms to take into consideration, such as posttranslational modifications of HLA-G. This might increase HLA-G cellsurface expressions through affinity regulations of peptide loading in the antigen presenting machinery 45 giving an effect that is unexpected or not measurable. Function of HLA-G is affected also by the microenvironment in which it is expressed and results between different tumor types and/or studies, should be evaluated in its context. 22, 28, 31 Different results could be related also to the methods used to examine the tumor material.
Different research groups have performed analysis applying diverse antibodies, some of these known to cross-react with classical MHC class I molecules 46 47,48 or not recognizing all seven different isotypes of HLA-G receptors, the four membrane-bound and three soluble that have different biological functions. 49 In our study we intentionally used the MEM-G/ 1 which is a well studied monoclonal antibody that reacts with all isoforms of the HC of the HLA-G molecule. Another possible methodological reason could be related to the use of TMA (tissue micro array)-material. Indeed, in serous adenocarcinoma of the ovary and in other tumor tissues, Often, HLA-G is expressed only focally and consequently important information might therefore be lost in TMA-based cohorts.
We investigated the expression of HLA-G in both solid tumors and ascites from patients in stage III/IV. The intensity of HLA-G staining, distributed in all positive tumors, was focal and relatively weak.
Of great interest is the finding that tumor cells in ascites (considered as metastatic tissue) and/or solid metastatic tumor tissue the number of cases with positive HLA-G staining expression was considerably higher than in solid tumor from the primary site. The presence of HLA-G in the primary tumor tissue studied in our relatively limited cohort indicates that HLA-G is more frequently upregulated in late stage disease. This is in concordance with findings by other groups. 50 The positive cells, found in This is further supported by reports of HLA-G molecules being transferred to neighbor tumor cells or infiltrating immune cells through "trogocytosis" and the following transformation of immune surveillance to immune tolerance. 22 HLA-G has a dual role in the tumor cells due to multiple active structures of HLA-G that adhere to different receptors. There are also reports on HLA-G regulation on vascular remodeling. This might in theory indicate additional effects on tumor growth and metastatic potential. 51 HLA-E is, in contrast to HLA-G, expressed in normal tissue and upregulation in tumors is frequently described. However, we also noticed that many samples showed decreased staining. We made use of an evaluation method where the staining intensity of HLA-E in tumor cells was compared to staining intensity of normal cells. We found a correlation to impaired survival for all aberrant staining, both decreased and increased. This confirms results from other studies. 30, 31 . That increased staining implicates an upregulation of HLA-E and thus enhanced inhibition of NK cytolysis is well described. 49 However, loss of HLA-E expression also seems to inflict a worse OS. Some authors speculate that a HLA-E as well as HLA-G can play dual roles in cancer, but these still needs to be elucidated. 52 We also found correlation between expression of HLA-G, increased staining intensity of HLA-E and loss of classical MHC # presence of more than score 1 is considered positive. The most important finding in our study is that the impaired effect on survival for both HLA-G and -E expression was dependent on HLA-A*02 genotype. The importance of the HLA-A*02 genotype was also supported by the influence of tumor infiltrating immune cells.
In conclusion, serous ovarian cancer is a deadly disease with poor outcome in general. Most patients receive indiscriminate treatment. In this study, we introduce the analysis of HLA-G and -E, in relation to the classical MHC class I expression, T-cell infiltration and HLA genotype as determinant prognostic variables. Consequently, we emphasize the need of a multifactorial approach in the care of these patients. When genetics, histology, surgical stage, tumor microenvironment and molecular alterations are put together, it is possible to discriminate subpopulations and identify patients with particular poor prognosis. This gives the opportunity to adjust, actually, the treatment individually. Further studies with focus on the genetics and epigenetics are necessary to understand the mechanisms and find leads toward new therapeutic strategies.
Material and Methods
Patients
Out from our previous study of 162 patients admitted to the Gynecological Oncology Unit at the Karolinska University Hospital Department of Oncology between 1995 and 2004, we extracted a specific subgroup of 72 patients with serous adenocarcinoma and advanced surgical stage. Patient information and histopathology samples were accessed with approval of the Regional Ethic Committee in Stockholm #2007/1:5# and #2003-507#. The diagnosis of epithelial ovarian cancer (EOC) of serous type was confirmed by histopathology of formalin fixed paraffin-embedded (FFPE) tumor specimens. Grade (high or low), date of diagnosis and International Federation of Gynecology and Obstetrics (FIGO) stage (I-IV) were recorded and re-evaluated. HLA genotype and analysis of classical HLA class I HC were already performed in the previous study. 13 
Patients groups
In previous findings we identified a subgroup of patients with particularly poor prognosis, namely, serous adenocarcinoma, surgical stage III-IV and HLA-A*02 genotype. We called this the worst prognosis group. In this study, we extracted all patients with EOC of serous histology in advanced surgical stage and then grouped them by HLA-A genotype into HLA-A*02 genotype (worst prognosis) or HLA-A of other genotypes (better prognosis).
DNA extraction and HLA genotyping DNA analysis was used for HLA genotyping. The DNA was extracted from peripheral blood mononuclear cells from blood samples from consented patients or from FFPE material from deceased patients. The methods were described previously. 17 Collection of ascitic fluid for metastatic cells To investigate a possible correlation between HLA-G and -E expression and metastatic potential we analyzed ascitic fluid from eight patients with advanced cancer disease. The ascites was collected during initial debulking surgery. All patients were diagnosed with EOC of serous histology. Only two of the patients carried the HLA-A*02 genotype. From the liquid, cells were harvested by centrifugation (800 g, 10 min, followed by two washing steps at 450 g for 8 min) and cryopreserved until further analysis.
Immunophenotyping of thawed tumor cells was performed by flow cytometry and confirmed by IHC on formalin fixed paraffin embedded (FFPE) cell pellets of the same sample. We also collected corresponding FFPE solid tumors for immunohistochemical comparison. In available cases, we collected tumor tissue from both primary sites, defined as the site with the greatest tumor mass and from distant lesions fulfilling the criteria of at least stage III disease.
Monoclonal antibodies for immunohistochemistry and flow cytometry
The monoclonal antibodies MEM-E/02 and MEM-G/1 are specific and recognize the HC of HLA-E and HLA-G of human origin.
27,54 HC10 and HCA have been described in detail previously. 55 43 The mAb anti-CD8 C (Clone C8/144B (Dako) reacts with the cytoplasmic domain of the CD8
C domain of a-chain of the CD8 C molecule expressed by cytotoxic T cells as well as thymocytes and NK-cells. Anti-FOX3P is a specific marker of natural T regulatory cells (nTregs).
The following antibodies were used for flow cytometry: HLA-A2 (BB7.2, Fitc, BD), EpCAM (EBA-1, PerCP-Cy5.5, BD), HLA-E (3D12HLA-E, PE, eBioscience), HLA-G (87G, PerCPeFluor710, ebioscience), Her2 (Neu 24.7 PE, BD), MHCI (W6/ 32, Fitc, BD), MHCII (G46-6, Fitc, BD).
Immunohistochemical staining and analysis
Tissue sections were stained according to protocol previously described 43 Human placenta was used as positive control. The stained slides were evaluated for the presence or absence of HLA-G expression scored as positive or negative. All of the positive cases were only weakly positive and stained only a small fraction of tumor cells (Fig. S1) .
HLA-E was evaluated as absent, less intense than, equal to or more intense than normal tissue using score 0-3. Score 2 was regarded as normal expression whereas 0.1 and 3 were regarded as aberrant. Since all lesions showed a very heterogeneously staining pattern each slide was given two scores, the first for the dominating cell population and the second for the subordinate cell population (Fig. S2) . The quantification of intratumoural CD8 C T cells were counted in high power fields 56 
Flow cytometry
Extracellular staining was performed in 96-well v-bottom plate for 20 min at 4 degrees. Washing and antibody dilution was carried out using PBS C 1% human serum albumin (HSA, Octopharma, Stockholm, Sweden). Cells were acquired using an LSRII flow cytometer (BD Biosciences, San Jose, USA) and analyzed using FlowJo analysis software (Treestar, Ashland, USA).
Statistics
The x 2 test was used to examine patient characteristics for discrete categorical variables or factors. Time to death from any cause was defined as the primary end point in the study. Survival time for deceased patients was calculated using the date of first diagnosis to the date of death. For surviving patients, the survival time was calculated from the date of first diagnosis to the date of the last clinical follow-up. HLA-A*02 genotype was scored as 1 and HLA-otherwise as 0. Cumulative survival plots and time-toevent Kaplan-Meier curves were constructed with the log-rank test applied to detect univariate differences between groups. Diagnostic data were collected during the year 1995-2004 and were censored at 2013. All analyses were performed with program StatView for Windows, SAS Institute Inc.. Version 5.0.1.
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